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METHOD OF FABRICATING COMPOSITE TOOLING 
USING CLOSED-LOOP DIRECT-METAL DEPOSITION 

RELATED APPLICATION 
This application claims priority of United States Provisional Patent 
5 Application Serial No. 60/407,016 filed August 29, 2002, which is 
incorporated herein by reference. 

FIELD OF THE INVENTION 
This invention relates to a method of fabricating manufacturing tooling 
such as stamping dies, trim steels, die inserts and the like which involves 
10 forming a base of a first metal having relatively high ductility and low cost and 
forming the work-engaging areas on the space by depositing sections of a 
second metal using closed-loop direct-metal deposition. 

BACKGROUND OF THE INVENTION 
Currently, a variety of forms of manufacturing tooling such as stamping 
15 dies, trim steels, flange steels and die inserts are formed from homogeneous, 
high cost, alloy tool steels, either fi-om wrought or cast materials. The 
materials used are often determined by the properties of the working or cutting 
edges or die surfaces while the larger volume of the tooling merely supports 
these working surfaces and does not require the same physical properties as 
20 these working parts. When the working surfaces have worn to the point that 
the tooling needs to be replaced, the entire homogeneous structure is discarded. 
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Similarly, stamping and injection molding and die casting dies often require 
modest changes during the design process as a result of last-minute engineering 
functional or aesthetic changes in the product. Presently this often requires the 
creation of an entirely new tool. 

5 During the past few years methods and apparatus have been developed 

for creating net shape functional parts with close tolerances and acceptable 
residual stress levels involving the deposition of multiple thin layers of 
feedstock, one upon the other, using an energy beam to fuse each layer onto a 
substrate. A typical system is disclosed in U.S. Patent 6,122,564. This patent 

10 discloses a laser-aided, computer-controlled direct metal deposition system 
(DMD™) wherein successive layers of material are applied to a substrate so as 
to fabricate an object or provide a cladding layer. This system is equipped with 
feedback monitoring to control the dimensions and overall geometry of the 
fabricated section in accordance with a computer-aided design description. 

15 The deposition tool path is generated by a computer-aided manufacturing 
system. Such feedback controlled systems may totally eliminate intermediate 
machinery and reduce final machinery considerably. 

Such DMD systems are capable of depositing sections on metallic 
substrates of a differing material than used in the deposition, on the condition 

20 that suitable choices of material are made and suitable surface treatment is 
performed to achieve a good metallurgical bond between the deposited material 
and the underlying substrate. 



2 



POM-13402/29 
30828gs 



SUMMARY OF THE INVENTION 
The present invention utilizes closed-loop direct metal deposition to 
deposit a working surface having the necessary properties of hardness and wear 
resistance, on a tooling base formed of a relatively low cost wrought or cast 
S material. 

The deposited material is preferably an alloy chosen to maximize the 
performance service life of the tooling. This can be achieved by combining 
ductile face centered cubic materials with relatively brittle non-cubic faces to 
achieve adequate toughness during service and reasonable wear resistance. 

10 The selection of metals for use in the alloy is important for promoting 

certain phases as well as protection against chemical degradation. For 
example, molybdenum has very little solubility in aluminum. Forming the 
deposited section with metallurgically bonded molybdenum alloys in the 
formation of a casting die for use with aluminum will improve the service life 

15 by maintaining the surface integrity. The deposition process parameters 
control the pool cooling rate which controls the phase transformation kinetics. 
Therefore, the deposition process parameters may be varied to promote the 
generation of desired phases. The high cooling rate and strong convection 
associated with laser melting and solidification promotes atom trapping leading 

20 to extension of the solid solutions and these non-equilibrium syntheses may be 
utilized to dissolve low solubility materials such as yttrium and hafiiium, in 
order to optimize the composite metallurgy. 
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The large and heavy tooling components create problems in the use of 
DMD processes since their high mass may make accurate translation difficult, 
and if the deposition must be formed on a curved surface difficulty is achieved 
in positioning the part relative to the laser feed. The present invention further 
5 contemplates supporting the material deposition components comprising the 
laser and the material feed on the wrist of a multi-axis robot which allows the 
beam and material to be delivered in almost any position of a large tooling 
base. 

Other objects, advantages and applications of the present invention will 
10 be made apparent by the following detailed description. The detailed 
description makes reference to the accompanying drawings in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view of a base for a stamping die; 
Figure 2 is a perspective view of a completed die formed on the base of 
IS Figure 1 and having a work contacting area formed of a second metal bonded 
to the first metal and formed by closed-loop direct metal deposition processes; 

Figure 3 is a schematic view of the deposition head of apparatus for 
forming the die of Figure 2 on the base of Figure 1, the schematic drawing 
including a feedback sensor; 
20 Figure 4 is a schematic view of the laser spray nozzle of Figure 3 

forming a melt-pool on the base of Figure 1 in the process of forming the die of 
Figure 2; and 
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Figure 5 is a perspective view of a robotic manipulator for supporting 
the apparatus of Figure 3 and forming the working area of a large tool such as 
the die of Figure 2. 

DETAILED DESCRIPTION OF THE INVENTION 
Figure 2 represents a female stamping die generally indicated at 10 
which may be formed by the melhod of the present invention. It should be 
understood that the method is applicable to formation of a wide variety of 
tooling in addition to stamping dies such as trim steels, flange steels, die inserts 
and the like. 

The completed die 10 is formed beginning with the base 12 as 
illustrated in Figure 1. The base, adapted to be supported within a stamping 
press, does not include the work engaging surfaces of the die and accordingly it 
is not subject to the same wear as the working surfaces when in use. It can 
generally be formed of a less wear-resistant, more ductile material and lower 
cost than the work-engaging surfaces of the die. For example, it might be 
formed as a casting from a relatively low strength steel. 

Work-engaging surfaces 14 of the die 10 are formed on the upper 
surface of the base 12 of an alloy which is harder and more wear-resistant than 
the metal of the base 12. Li accordance with the method of the present 
invention, these metal engaging surfaces are formed by a process of closed- 
loop direct metal deposition. Such processes are disclosed in detail in a variety 
of issued patents such as U.S. Patent 6,122,564 which discloses feedback 
means for sensing the height of a deposited weld-pool and modifying the 
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process to maintain a constant height; U.S. Patent 6,459,951 which employs a 
two-color imaging pyrometer to analyze and control the deposition; and U.S. 
Patent 6,518,541 which measures the duty cycle of the laser during the 
deposition cycle and controls the process parameters to maintain the duty cycle 
5 within a desired range. 

Figure 3 illustrates a direct deposition head operating upon a workpiece. 
A laser 20, preferably a power laser such as a CO2 laser, provides a beam to a 
nozzle 22 which also receives a stream of powdered metal to be deposited from 
a delivery system 24. Chilled water is applied to the nozzle by a tube 26. A 

10 feedback control device 28 is supported adjacent to the mouth of the nozzle 22 
at the workpiece 12 and senses the progress of the deposition process and 
generates a signal which is used to control the system parameters. 

This process is schematically illustrated in Figure 4. A concentric 
passage 30 forming part of the nozzle 22 projects the powder, typically carried 

15 by a gas, toward the focal point of the laser beam 32 on the substrate 12. The 
heat generated by the laser melts the metal powder and heats the substrate so as 
to form a melt pool 36. A numerical control system (not shown) moves the 
substrate 12 relative to the deposition head in a programmed manner to form 
first one layer and then a series of superimposed layers on the substrate 12. 

20 In conventional direct metal deposition systems the dimensions of the 

parts being formed and the angles of the surfaces on which the layers are 
deposited are such that a simple three axis numerical control system can be 
used to move the workpiece relative to the deposition head. However, many of 
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the tooling parts formed by tfie present invention will require special 
manipulation, and the present invention proposes that either the workpiece or 
the deposition head be supported in a robotic manipulator 50 of the type 
illustrated in Figure 5. Preferably, the deposition delivery head is supported on 
5 the wrist of the robot and the tooling part is stationary. Such a system 
increases the flexibility of closed loop direct metal deposition even further to 
process stationary three-dimensional objects and add features enveloping the 
object through angles approximating 270 degrees. 

Surface oxidation during the process may be minimized by well-known 
10 inert shielding gas delivered either through the concentric nozzle or a separate 
shielding nozzle. Under special circumstances the process may be carried out 
in an inert atmosphere chamber. 

With proper selection of the deposit alloy system, the work-engaging 
section of the tooling can be designed and deposited with tailored properties 
15 such as improved surface life. A preferred strategy for surface modification of 
the tailored surface is as follows: Copy section 1 - selection of phases, 2 - 
selection of elements, 3 - selection of process parameters. 

The preferred embodiment of the invention may be modified in a 
number of known respects such as through delivery of alloy wire or the use of 
20 an electron beam as a power source rather than a laser beam. 

For reconfiguration of the surface profile to satisfy a completely new 
design, or to change an existing design, the required area of an existing tooling 
part can either be machined off to a desired shape and subsequently built over 
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using closed-loop direct metal deposition directly from the new computer-aided 
design data or built over the existing surface, if the new design can 
accommodate it. 

It will be appreciated that a portion or the entire working surface of an 
existing tool can be adapted to provide improved wear-resistance properties 
using the inventive process. Similarly, a portion or the entire working surface 
of an existing tool can be adapted to provide improved oxidation resistance 
properties. Thermal management of the tooling can be enhanced by 
incorporating conformal cooling channels using the process of the present 
invention. Such thermal management of the dies and molds can be enhanced 
by incorporating conductive heat sinks or thermal barriers. The incorporation 
of heat sinks and conformal cooling using the present process can enhance 
thermal management of the dies and molds. 

Having thus described my invention, I claim: 
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